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BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



PRIOR ART 

FIG. 1 




PRIOR ART 

FIG. 3 



TOWING VESSEL 
COURSE AND 




V 



High Resolution 
Bathymetry 



Vessel's measured 
depth 



Vessel's predicted sauc 
using all information before 
current time step 



Vessel's measured 
Velocity 



Measured slant 
range and location 
of known point 



Vessel's predicted state 
at nut time step using all 
current information 



Vessel's final 
estimated stale 



<2S/. 



. Spatial-based 
performance estimate 



System Observer 



Spatial performance 
prediction 



State Velocity 
Update 



• Vessel's final 
predicted state 



State Predictor 

«39 0 



Terrain 
matching 
module 



Non-linear 
constraints 



Terrain bnscd 
stale estimate 



Steady State 
Kaiman Filter 



Linear filter's 
state estimate 



2 75- 

Constrained Extended Kaiman Filter 



Block diagram' of the system showing the two primary subsystems 
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